As a result of the burgeoning growth of disease-specific neural autoantibody markers available for diagnostic patient evaluation, there has been increasing awareness of autoimmune central nervous system (CNS) disorders in hospital practice. Hospital-based neurologists have also taken great interest in these disorders since many occur in the setting of an occult systemic cancer which can be detected and treated at an early stage, and many affected patients are responsive to immunotherapy. Associated neurological disorders are typically subacute in onset, some are common or classic (eg, limbic encephalitis, cerebellar degeneration), but others have atypical or multifocal presentations. For patients with a suspected paraneoplastic disorder, many and costly oncological evaluations may be required for diagnosis. Comprehensive serological and cerebrospinal fluid (CSF) evaluation for neural autoantibodies may permit a focused cancer evaluation (eg, antineuronal nuclear antibody type 1 [ANNA-1] is associated with small cell lung carcinoma), and in some circumstances may indicate the likelihood of a good response to therapy (eg, voltagegated potassium channel complex antibody) or poor neurological prognosis (eg, purkinje cell cytoplasmic antibody type 1 [antiYo]). Positron-emission tomography-computed tomography (PET-CT) imaging of trunk may increase the diagnostic yield for certain cancers where other modalities have been negative. For some patients, rapid treatment with immunotherapy may facilitate marked improvement, or full recovery; multiple sequential trials of one or more of steroids, intravenous immunoglobulin or plasma exchange, or combination therapy are often required. For patients with N-methyl-D-aspartate receptor antibody encephalitis, early treatment with immunosuppressants and weeks or months of supportive intensive care may additionally be required. One or more of clinical examination, electroencephalogram (including video telemetry), and imaging provide objective parameters to which posttreatment outcomes can be compared.
Introduction
Central nervous system (CNS) autoimmunity is increasingly recognized in patients hospitalized with acute or subacute neurological presentations. Diagnosis of these disorders is frequently based on the detection of 1 or more markers of autoimmunity (usually neural-specific antibodies). These disorders are distinct from inflammatory, demyelinating diseases such as multiple sclerosis or acute disseminated encephalomyelitis (ADEM), for which there are no specific biomarkers, other than pathological examination. Autoimmune CNS disorders may be paraneoplastic or idiopathic in etiology. Improvements in existing methodologies 1, 2 and new laboratory techniques 3, 4 for detecting neural-specific antibody markers have greatly enhanced the evaluation of suspected cases. Novel pathophysiological insights have been gained through the discovery of many of these antibodies, some of which likely play a central role in disease pathogenesis. 5 There is growing interest in these disorders among general and subspecialist neurologists since they are often multifocal and rapidly progressive, but expedited initiation of immunotherapy frequently permits clinical improvement. Herein, autoimmune CNS disorders will be described, focusing on clinical presentation, evaluation, and management of patients.
the nervous system, which are also expressed in tumors (paraneoplastic) or microbial organisms (parainfectious). In many instances, an inciting cause is not identified.
Pathophysiological mechanisms for paraneoplastic neurological disorders are well described. Tumor immune surveillance in affected patients usually results in neoplasia being confined to the primary organ and to regional lymph nodes. 5 The neurological attack, in contrast, can be devastating and can affect the central, peripheral somatic, or autonomic nervous systems. Tumor-targeted immune responses are initiated by onconeural proteins expressed in the plasma membrane, nucleus, cytoplasm, or nucleolus of certain cancers. These antigens are also expressed in neurons or glia and thus are coincidental targets. Antibodies directed at neural cell plasma membrane antigens (Table 1 ; eg N-methyl-D-aspartate [NMDA] receptors, aquaporin 4) are effectors through multiple mechanisms. 6, 7 Consistent with this, in vitro experiments and autopsy studies have demonstrated perivascular and parenchymal plasmablast, antibody, and complement deposition. The response to one or more of steroids, intravenous immunoglobulin (IVIg), and plasma exchange is usually excellent. 8 In contrast, intracellular antigens are not accessible to immune attack in situ, but peptides derived from intracellular proteins are displayed on upregulated MHC class I molecules after breakdown in the proteasome and in turn are targeted by peptide-specific cytotoxic T cells. Antibodies (eg, Purkinje cell cytoplasmic antibody type 1 [PCA-1, anti-Yo]) targeting these intracellular antigens (Table 2) are not pathogenic. 9 Nonetheless, these antibodies serve as diagnostic markers in clinical practice of a T cell predominant effector process. Studies of autopsied tissues and experimental studies suggest that these types of paraneoplastic neurological disorders are caused by CD8þ cytotoxic T cells. 9 The neurological deficits usually do not improve with treatment, although sometimes the clinical picture stabilizes post oncological therapy. 10, 11 Deaths from the complications of neurological disease (rather than from metastatic cancer) are common.
Neurological Presentation General
Patients usually present with subacute onset of neurological dysfunction, which may include classic syndromes (Table 3) or multifocal disorders (Tables 1 and 2) . 12 Classic syndromes include limbic encephalitis, opsoclonus-myoclonus syndrome Abbreviations: AchR, acetylcholine receptor; AMPA, alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid; CASPR, contactin-associated protein; GABA, gamma amino butyric acid; GluR, glutamate receptor; GlyR, glycine receptor; LGI1, leucine-rich, glioma inactivated 1; NMDA, N-methyl-D-aspartate; NMO, neuromyelitis optica; VGKC, voltage-gated potassium channel; IGg, immunoglobulin G. Reproduced with permission from Springer. 5 
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The Neurohospitalist 3 (2) (OMS), cerebellar degeneration, paraneoplastic myelopathy, and sensory ganglionopathy. While certain disorders have been syndromically associated with certain autoantibody markers (eg, limbic encephalitis and voltage-gated potassium channel [VGKC] complex autoantibodies), 13, 14 a broader neurologic spectrum inevitably emerges over time through individual cases reported or by systematic serologic evaluation of large numbers of patients not selected by neurologic syndrome. For example, VGKC complex antibodies were initially considered to be specific for autoimmune limbic encephalitis or disorders of peripheral nervous hyperexcitability, but over time other presentations were reported, including rapidly progressive dementias mimicking frontotemporal dementia 15 or Creutzfeldt-Jakob disease. 16 The neurological presentation is often the first clue to the existence, or limited recurrence, of a cancer. Cancer may remain unsuspected and undetectable both clinically and by conventional radiology for long intervals after neurological symptom onset. Central nervous system dysfunction sometimes reflects an effective immune response to a systemic cancer that has devastating neurological consequences.
Some Common Neurological Disorders
Any anatomical region of the CNS can be affected, and sometimes multiple regions are affected simultaneously. In some circumstances, a particular neurological disorder is encountered frequently with a specific autoantibody (eg, cerebellar ataxia in patients with PCA-1 [anti-yo]) 17 However, the neurological manifestations associated with any 1 paraneoplastic antibody are protean (in one series 60% of PCA-1-seropositive patients had neurological features in addition to ataxia, 23% did not have ataxia at presentation, and 11% never developed ataxia). 11 Thus, testing for a single antibody (individually rare) on the premise of a particular neurological syndrome is likely to have low diagnostic yield, and comprehensive serological evaluations are usually preferred. 12 An example of an exception to this rule is the NMDA receptor antibody encephalitis (described below), which has a fairly stereotyped sequence of neuropsychiatric and neurological events that characterize its course. 8 Limbic encephalitis. Limbic encephalitis is the classic CNS autoimmune disorder ( Figure 1 ). Patients typically present with delirium, mood change, memory and personality disturbance, and focal seizures of mesial temporal type with or without secondary generalization. Potential antibody and cancer associations are protean, and thus a comprehensive serological evaluation is required. Information regarding cancer type and likely treatment responsiveness can be obtained from a serological diagnosis. For example, a patient with ANNA-1 would likely have small cell lung carcinoma (90% of cases) 18 and is unlikely to improve much with immunotherapy. In contrast, a patient with VGKC complex antibody would be unlikely to have cancer detected (<20% of patients) but would stand a good chance of full recovery or near full recovery if treated early and aggressively with immunotherapy. 19 Morvan syndrome is a rare multifocal manifestation of VGKC complex autoimmunity (limbic encephalitis, sleep disturbance, and peripheral nerve hyperexcitability).
Some patients present with more limited encephalitic forms and may mimic a primary seizure disorder or rapidly progressive dementia (including mimics of Creutzfeldt-Jakob disease). 16 Other unusual clinical and radiological localizations include frontal, parietal, occipital lobe distributions ( Figure 1 ). 20 
A Common and Stereotyped CNS Disorder: NMDA Receptor Antibody Encephalitis
Patients with NMDA receptor antibody (targeting the GluN1 [NR1] subunit) have a fairly stereotyped neurological disorder, as described below by Dalmau and colleagues. 8 This often develops in several stages. Prodromal symptoms include headache, fever, nausea, vomiting, diarrhea, or upper respiratory tract symptoms. Shortly afterward, patients develop psychiatric symptoms that in many cases are brought to to the attention of psychiatrists. Anxiety, insomnia, fear, delusions, mania, and paranoia occur frequently. Other behavioral changes include social withdrawal and stereotyped behavior. Amnesia and an unusual language disorder (noncortical aphasia) are common. The behavioral changes in children may be less specific and include temper tantrums and hyperactivity. Neurological disorders including seizures and dystonia are frequent and may be the presenting symptom. After these initial symptoms, in both adults and children, decreased responsiveness ensues. Movement disorders include orolingual-facial dyskinesias, generalized dyskinesias, Movement disorders. Rapidly progressive cerebellar ataxia is a common presentation of autoimmune neurological disorders. Hyperkinetic movement disorders are commonly encountered in patients with autoimmune CNS disorders. Chorea has historically been described in patients with Sydenham chorea (poststreptococcal infection), patients with chorea gravidarum, and in patients with serological markers of antiphospholipid syndrome. More recently, chorea has been recognized in a paraneoplastic context, including patients with collapsin-response mediator protein 5 (CRMP5)-IgG and small cell carcinoma 21 and in patients with NMDA receptor antibody and teratoma. 8 Myoclonus is a frequent neurological manifestation of autoimmunity, either paraneoplastic or idiopathic. A wellknown disorder encountered in children and adults is OMS. 22, 23 Patients with OMS present with vertigo, dizziness, nausea and vomiting, tremulousness, and imbalance. Neurological examination reveals generalized myoclonic jerks, and lightning-like haphazard eye movements, consistent with myoclonus of the extraocular muscles (opsoclonus). Commonly encountered neoplasms include neuroblastoma (in children) 24 and lung carcinoma and breast carcinoma (in adults). 25 The most common paraneoplastic antibody encountered in adult-onset OMS is ANNA-2 (anti-Ri). 25 Patients may present with opsoclonus or myoclonus in isolation, with or without accompanying neurological disorders, usually encephalopathy. 23 Some patients present with tremulousness only, and on examination have small amplitude myoclonus in isolation without opsoclonus; these cases can be diagnostically challenging and are frequently misdiagnosed as having essential tremor. Clues include a subacute onset and a widespread distribution of symptoms and signs, including trunk and cranium as well as extremities.
More rarely encountered movement phenomena include parkinsonism and dystonia. Again, subacute onset and a rapid progression should prompt consideration of an autoimmune cause.
Brain stem encephalitis. Presenting symptoms include one or more cranial neuropathies, eye movement disorders, vertigo, nausea and vomiting (sometimes intractable), postural instability, and parkinsonism. 26, 27 These symptoms are common for patients with Ma2 antibody (anti-Ta, usually young men with testicular carcinoma) or both Ma1 and Ma2 antibodies (anti-Ma, men and women with heterogenous cancer types). One unusual manifestation of brain stem encephalitis reported in ANNA-2-seropositive patients is jaw dystonia. 28 Myelopathy. Spinal cord disorders may be acute or subacute (myelitis) or progressive (myelopathy) in an autoimmune context. An example of autoimmune inflammatory myelitis includes the longitudinally extensive transverse myelitis of neuromyelitis optica (NMO [aquaporin 4 autoimmunity] described below, from which patients may recover with steroids or plasma exchange). 29 In contrast, paraneoplastic myelopathies are frequently progressive and patients rarely improve with immunotherapy. In a recent series of 31 patients from 1 institution (two-thirds were women), common cancers found were of lung, breast, kidney, thyroid and ovary, and melanoma. 30 Paraneoplastic autoantibodies found included amphiphysin IgG, 31 CRMP 5 IgG, 32 and PCA-1. 11 Common magnetic resonance imaging (MRI) cord abnormalities included longitudinally extensive T2 signal change, symmetric tract, or gray matter-specific signal abnormality (usually enhancing). 30 Over half were wheelchair dependent and one-third had died after 3 years of follow-up, despite oncological and immunological therapies. 30 Idiopathic inflammatory transverse myelitides include monophasic transverse myelitis, multiple sclerosis, and sarcoidosis.
Neuromyelitis optica. Historically this disorder was classified as an unusual form of multiple sclerosis. In recent times, it has been recognized that patients with the relapsing form of NMO have an autoimmune channelopathy, with antibody targeting the most abundant CNS water channel, aquaporin 4, 3,33 which can be detected in patient serum or cerebrospinal fluid (CSF) in approximately 80% of cases. 4 Patients typically present with optic neuritis or transverse myelitis but usually not simultaneously. 29 Approximately 12% present with manifestations of area postrema dysfunction (intractable hiccup, nausea, and vomiting) or circumventricular organ (hyponatremia) before developing optic neuritis or transverse myelitis. [34] [35] [36] Typically, patients have a relapsing course and disability accrues with successive attacks. 37 Aside from the inaugural symptoms described above, brain involvement is uncommon in adults but occurs in nearly half of the children, including presentations that can mimic the usually monophasic disorder, ADEM. 36, 38 Inevitably, NMO-IgG-seropositive children have relapsing disease, requiring acute treatment (steroids and plasma exchange) and remission-maintaining immunosuppression (azathioprine, mycophenolate mofetil, or rituximab).
Stiff-Man syndrome and related disorders. Patients with classic stiff-man syndrome (SMS; aka Moersch-Woltman syndrome) present with low back and proximal lower extremity stiffness, with superimposed spasms, and are prone to frequent falls. 39 Characteristic clinical findings include a fixed hyperlordotic lumbar spine and increased limb tone. Many improve with benzodiazepines. 40 More restricted forms are also encountered, often involving one limb in isolation. 41 The spectrum of disease also extends to a more severe and widespread form that may be accompanied by encephalopathy and prominent myelopathic findings (progressive encephalomyelitis and rigidity with myoclonus). 42 Antibody targeting the 65 kDA isoform of glutamic acid decarboxylase (GAD65) is detected in approximately 80% of patients. 41 In recent times, antibody targeting the a1 subunit of ab-heteromeric glycine receptors has been detected in serum of patients with the progressive encephalomyelitis with rigidity and myoclonus (PERM) phenotype. 43 Symptomatic treatments (benzodiazepines and baclofen) and immunotherapies (steroids and IVIg) are frequently beneficial.
Risk Factors
Risk factors for a paraneoplastic or other autoimmune CNS disorder include a personal or family history of cancer or autoimmune disease and a smoking history.
Evaluation
As well as serving a diagnostic purpose, testing provides a pretreatment objective baseline. Resolution of a clinical electroencephalograph (EEG), MRI, or functional imaging abnormality after immunotherapy serves as an objective marker supporting subjective improvements.
Neurological
Clinical examination. Careful documentation of objective abnormalities with careful neurological examination and paraclinical testing serves not only to aid localization of neurological disorders but also to establish a baseline before trial of immunotherapy. A bedside evaluation of cognitive function, such as the Mini-Mental State Examination or Kokmen Short Test of Mental Status, should reveal impairments in one or more categories of attention, memory, reasoning, calculation, and praxis. The presence of multifocal neurologic symptoms and signs is a clue to a possible autoimmune etiology. Rapid evolution of a cognitive disorder, with accompanying epilepsy, ataxia, parkinsonism, brain stem signs, myelopathy, or a peripheral nervous system disorder, should trigger consideration of an autoimmune cause as well as toxic, nutritional, metabolic causes, or other inflammatory disorders. The neurological examination also provides a baseline for comparison when reevaluating the patient after a trial of immunotherapy. 44 The MRI. MRI may reveal abnormalities in T2 signal characteristics atypical for neurodegenerative disorders (Figure 1 ). Mesial temporal lobes are a common location for T2-signal abnormalities in brain disorders, for example in patients with VGKC complex autoantibodies. 13 However, unusual extratemporal hemispheric abnormalities may also be observed, 20 including subtle white matter or gyriform enhancement. Neuroimaging of affected CNS regions may be normal early in the disease course; in some cases (such as NMDA receptor antibody encephalitis) imaging remains normal throughout the clinical course. 8 Electrophysiological testing. Although abnormalities detected are not specific for an autoimmune etiology, EEG, like functional imaging, may aid the characterization of the disorder in an individual patient and provide a pretreatment baseline. Common abnormalities detected on EEG include focal or generalized slowing or spike-and-slow-wave epileptiform discharges. Mesial temporal abnormalities are often observed in autoimmune dementias, but extratemporal abnormalities also have been reported. Some patients may present with an isolated seizure disorder, and thus EEG, and sometimes video EEG monitoring is required to establish the diagnosis and provide an objective pretreatment baseline. It has recently been reported that patients who present with seizures had localization-related disorders, were refractory to antiepileptic drugs, and the common antibodies encountered were VGKC complex, GAD65 Ab, and CRMP-5 IgG; two-thirds became seizure free with immunotherapy. 45 Neuropsychology. Detailed neuropsychological testing is more appropriate to the outpatient practice, where patients often present with more subtle abnormalities than patients on an inpatient clinical service. Again, neuropsychometrics can provide an objective measure of dysfunction prior to treatment and follow-up testing.
Routine CSF Parameters
Further clues to an autoimmune etiology for a cognitive disorder may be found on CSF evaluation. Elevated protein concentration (>100 mg/dL), mild CSF pleocytosis, abnormal numbers of CSF-exclusive oligoclonal bands, and elevated IgG index and synthesis rate all support an autoimmune etiology. These CSF findings are encountered in many inflammatory (possibly autoimmune) CNS disorders, including MS. Specificity may be an issue in some cases since oligoclonal bands are detected in a small minority of patients with pathologically proven primary neurodegenerative disorders or Creutzfeldt-Jakob disease. 46 
Autoantibody Testing
Antibody profiles include neural (Tables 1 and 2) and nonneural IgG markers. Seropositivity for nonneural autoantibodies does not confirm a diagnosis of an autoimmune CNS disorder but does support consideration of an autoimmune pathogenesis and may trigger additional testing and a trial of treatment. For example, detection of thyroperoxidase (TPO) or thyroglobulin autoantibodies in a patient with cognitive symptoms does not confirm a diagnosis of an autoimmune cognitive disorder (so-called Hashimoto encephalopathy 47 or steroid-responsive encephalopathy associated with autoimmune thyroiditis 48 ) but is a supportive finding since it is indicative of autoimmunity affecting another organ. In a patient presenting with cognitive dysfunction, seropositivity for ANA and double-stranded DNA antibodies will raise suspicion for lupus cerebritis (or CNS lupus), 49 a poorly understood disorder classified under the umbrella of neuropsychiatric lupus for which there are no reliable neural-specific antibody marker tests in clinical service.
The detection of a neural-specific antibody in serum or CSF aids the diagnostic process by increasing suspicion for an autoimmune neurologic disorder and raises the possibility of a paraneoplastic cause. An individual patient's profile of coexisting autoantibodies may have high predictive value for a specific cancer. For example, amphiphysin antibody in a woman may be associated with breast carcinoma or small cell lung carcinoma, but, if coexisting ANNA-1 is detected, this narrows the search to small cell carcinoma, either pulmonary or extrapulmonary in origin. 12 Antibody tests performed on serum alone are often sufficiently informative, but CSF testing sometimes increases the diagnostic yield (eg, CRMP-5-IgG). 50 However, in the case of NMDA receptor antibodies, CSF is frequently more informative than serum. The opposite is true for VGKC complex and aquaporin-4 antibodies which (almost always) are more readily detectable in serum than in CSF. 13, 51 Other antibodies that target neural plasma membrane antigens that have been described recently in an autoimmune CNS context include (Table 1) glutamatergic alpha-amino-3hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA) receptor, 52 gamma-aminobutyric acid (GABA)-B receptor, 53 and proteins complexed with VGKC (leucine-rich, glioma inactivated 1 [LGI1] and contactin-associated protein [CASPR]2). [54] [55] [56] Testing for Cancer Suspicion for a paraneoplastic cause of an autoimmune cognitive disorder may arise because of a risk factor identified in the history (eg, smoking or a family history of cancer) or because one or more antibodies detected have a known cancer association. In this setting, screening for cancer is warranted. In addition to a general clinical examination, CT of chest, abdomen, and pelvis in all patients, mammography in women, and testicular ultrasound and prostate-specific antigen (PSA) in men should be performed where appropriate. Chest and abdominal computed tomography (CT) or MRI and urine testing for homovallinic acid metabolites should be undertaken in children where neuroblastoma is suspected. Certain antibodies with a particular specificity for cancer (eg, NMDA receptor antibody and teratoma) may further refine the oncological evaluation. For paraneoplastic neurologic disorders, positron-emission tomography (PET) imaging alone, or in combination with anatomic data (PET-CT), increases the cancer diagnostic yield by 20% when all standard evaluations (eg, whole-body CT scan) have been uninformative. 57 However, PET imaging is not helpful for detecting gonadal tumors (ovary or testis), neuroblastoma, or thymoma. MRI has good sensitivity for both ovarian and thymic neoplasms.
Treatment
Randomized-controlled treatment trials of autoimmune CNS disorders are unavailable, and data pertaining to treatment are mostly derived from expert opinion, large case series, and anecdotal reports.
Based on a combination of available literature and clinical experience, a therapeutic approach is outlined, which has been used for a variety of autoimmune CNS disorders. 44 The treatment of an autoimmune CNS disorder comprises oncological therapy (where appropriate) and immunotherapy. The treatment protocol must be individualized for the patient, dictated by clinical severity, type of antibody detected, presence or absence of cancer, and treatment response.
Cancer Treatment
Early cancer detection and treatment aims to achieve stabilization or improvement of the neurological symptoms, by removing the antigenic source driving the immune response. In some patients, tumor treatment alone may be dramatically effective (eg, teratoma removal in patients with NMDA receptor antibody). 8 For other patients, cancer treatment may (at best) bring about stabilization (eg, small cell carcinoma treatment in a patient with ANNA-1 antibody). Neurological therapeutic benefit may occur as a result of tumor removal but also because of the immunosuppressant effects of chemotherapy. If there is no neurological improvement or stabilization after cancer treatment, the patient may benefit from a trial of immunotherapy.
Immunotherapy
Most of the recommendations discussed below are nonevidence based but are used by the author and colleagues at Mayo Clinic for managing autoimmune neurological disorders. The type of antibody identified may predict the neurologic response to immunotherapy. Detection of antibodies targeting intracellular antigens such as PCA-1 (anti-Yo) carries a poor prognosis because the underlying immune process is mediated by cytotoxic T cells, leading to neuronal degeneration. 10 On the other hand, detection of antibodies targeting neural surface antigens (such as NMDA receptors) usually predicts a more favorable outcome, since the direct pathogenic effects of these antibodies may be amenable to immunotherapy (eg, removal by plasma exchange). 58 The timing of immunotherapy is also important. Case series of patients with autoimmune CNS disorders has demonstrated that early immunotherapy confers a better treatment outcome than delayed therapy. 45, 59, 60 The immunotherapy protocol may be subdivided into acute therapy and chronic therapy. Before starting immunotherapy, baseline evaluations should be performed to establish clinical parameters for objective monitoring of treatment response. In the hospital setting, this may be simply the neurological examination, or in some cases, EEG telemetry or MRI findings. Antibody titers have limited use in the acute phase of treatment, since values often reduce with treatment even if therapy is not clinically beneficial. Sometimes patients may have mild disorders responsive to symptomatic therapy alone (eg, diazepam therapy in SMS; salt, fluids, fludrocortisone, and compression stockings in a patient with mild orthostasis secondary to autoimmune dysautonomia) or are refractory to immunotherapy (eg, occasional patients with limbic seizure disorders may respond well to antiepileptic drug therapy).
Acute Therapy
The treatment algorithm ( Figure 2 , Table 4 ) and description below is based largely on clinical experience, small retrospective case series, and individual case reports, rather than clinical trial data (which are largely nonexistent). For acute therapy, a trial of high-dose pulse intravenous (IV) corticosteroid therapy is initiated. Intravenous immunoglobulin is an alternative to consider in patients who cannot tolerate corticosteroids or are at risk of diabetes (including GAD65-seropositive patients). Typical treatment protocols in the hospital setting include 1000 mg of IV methylprednisolone daily or 0.4 g/kg of IVIg daily for 5 consecutive days. For patients with severe autoimmune encephalitis, for example VGKC complex antibody or NMDA receptor antibody encephalitis, continued high dose corticosteroid (IV or oral (PO) [eg, prednisone 60 mg daily]) is required. In patients with limited responses, or no response, plasma exchange given every other day for 10 to 14 days frequently proves beneficial. Timing of pursuing the second-line therapy varies depending on the severity of the clinical situation. This is true for patients with VGKC complex antibody, in patients with NMDA receptor antibody encephalitis, and in patients with an NMO spectrum disorder. After the initial trial of therapy, the patient should be reevaluated for objective evidence of improvement.
If a rapid series of trials of immunotherapy is not immediately beneficial in an acutely ill hospitalized patient, continued combination therapy (steroids and plasma exchange or IVIg) may be required in addition. This is particularly true for patients with NMDA receptor antibody encephalitis who frequently require months of supportive care in addition to immunotherapy. For this latter group of patients, rituximab with or without cyclophosphamide are frequently introduced where early trials of steroid, IVIG, and plasma exchange do not prove beneficial. 8 For patients who ultimately improve and are in a position to be discharged home from a hospital service, with welldefined disorders (such as VGKC complex antibody or NMDA receptor antibody) the author favors 1 mg/kg per d of oral prednisone for 3 months (and starting an oral steroid-sparing agent simultaneously, see chronic therapy below) followed by taper.
For patients with antibodies targeting intracellular antigens, such as ANNA-1, results from immunotherapy are variable, but improvements are rarely dramatic. Intravenous corticosteroids and IVIg may stabilize the neurological symptoms. If neurological symptoms persist despite oncological treatment, IV cyclophosphamide (given as 6 monthly IV pulses or daily oral therapy for 6-12 months) could be considered in those with a good oncological performance status.
Chronic Therapy
If objective assessments clearly establish response to initial immunotherapeutic measures, chronic ''maintenance'' immunosuppressive therapy should be considered and initiated prior to discharge from hospital, to maintain remission and reduce glucocorticoid or IVIg dependence. In general, azathioprine or mycophenolate mofetil are the agents of choice, having been used in a wide range of autoimmune neurological diseases. Alternatives include methotrexate, hydroxychloroquine, and oral cyclophosphamide. For NMDA receptor antibody encephalitis, azathioprine is often added in as a maintenance therapy in patients who have completed courses of rituximab and/or cyclophosphamide. 8 Cyclophosphamide may also bring about stabilization in certain patients with classical paraneoplastic neurological disorders (eg, PCA-1 or ANNA-1) where oncological therapy has been completed. 61 The initiation of a chronic oral agent should overlap with gradual taper of oral corticosteroids and/or IVIg infusions over a period of approximately 6 to 8 months. Relapses frequently occur during rapid immunotherapy taper or discontinuation; these have been noted to occur in patients with NMDA receptor, AMPA-R, and VGKC complex antibody-associated encephalitis. The approach of slow, conservative tapering permits the oral immunosuppressants with slow onset of effect, especially azathioprine, to take effect before the steroids or IVIg are fully discontinued. A small minority of patients relapse despite this approach and are dependent on corticosteroid therapy to varying degrees. In these patients, a low dose of oral prednisone (10-20 mg/d or every other day) may be required.
Careful monitoring for side effects of long-term immunotherapy is critical. Surveillance include monitoring of blood counts, liver, and renal function. Where azathioprine is the oral agent chosen, thiopurine methyltransferase (TPMT) deficiency must be excluded prior to treatment initiation. Experience from the use of azathioprine in patients with NMO suggests that monitoring for a rise of mean corpuscular volume (MCV) of at least 5 points from baseline measurement is a good and reliable indicator to ensure optimum efficacy. 62 Patients on glucocorticoids must also take elemental calcium, at least 1500 mg/d and vitamin D 1000 IU/d, either through diet or as supplements, as the deterioration of bone mineral density may occur soon after starting steroid use. Baseline and follow-up bone densitometry and bisphosphonate treatment should be considered in patients requiring >3 months of glucocorticoid treatment. Pneumocystis jiroveci pneumonia (PCP) prophylaxis should consist of trimethoprim/sulfamethoxazole 1 double-strength table 3 times per week for patients on chronic corticosteroid or azathioprine. Alternatives for sulfa-allergic patients include daily oral dapsone or monthly inhaled pentamidine.
The correct duration of chronic immunotherapy has not been established since there is no supportive data. The author recommends a trial of withdrawal of chronic therapy after 3 to 
Chronic
Abbreviations: CNS, central nervous system; IgA, immunoglobulin A; TPMT, thiopurine methyltransferase; MCV, mean corpuscular volume.
